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ABSTRACT Mycoplasma genitalium (MG) is a common cause of nongonococcal cer-
vicitis and urethritis. We investigated the demographic and clinical characteristics of
patients tested in Denmark with the Conformité Européenne (CE)/in vitro diagnostics
(IVD) Aptima Mycoplasma genitalium assay (CE/IVD AMG; Hologic) and examined the
clinical significance of the higher sensitivity of the TMA-based MG assays. From
March to June 2016, urogenital and extragenital specimens from consecutive attend-
ees at a sexually transmitted infection clinic in Copenhagen, Denmark were tested
with the CE/IVD AMG assay (TMA-based), the research-use-only MG Alt TMA-1 assay
(Hologic), a laboratory-developed TagMan mgpB quantitative real-time PCR (qPCR),
and the Aptima Combo 2 (CT/NG; Hologic). Demographic characteristics and clinical
symptoms were collected from the patient records. There were 1,245 patients included
in the study. The MG prevalence among female subjects was 9.4%, and the MG preva-
lence among male subjects was 8.7%. Compared to the TMA-based assays, the sensi-
tivity of the PCR-based MG assay was 64.52%, and 55 specimens from 48 individuals
were missed in the mgpB qPCR. Of these, 26 individuals (54.2%) were symptomatic,
whereas, among 64 individuals with concordant results, 30 individuals (46.9%) were
symptomatic; no statistically significant difference was found between the groups
(P = 0.567). The improved sensitivity of the TMA-based assays resulted in diagnoses of
more patients with clinically relevant symptoms for which antibiotic treatment is indi-
cated. However, approximately half of the MG-infected patients reported no symptoms,
and future research is needed to investigate the pros and cons of diagnosing and treat-
ing MG in asymptomatic subjects.
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ycoplasma genitalium (MG) is a common cause of nongonococcal urethritis

(NGU) in men and is associated with cervicitis, pelvic inflammatory disease, en-
dometritis, and probably infertility in women (1-6). In addition to the urogenital sites,
MG can also be found in the rectum and, very rarely, in the oropharynx and eye (7-11).
The Nordic Aptima MG Evaluation (NAME) study from 2016 found a high prevalence of MG
in Denmark, Norway, and Sweden: 9.0%, 4.9%, and 9.8%, respectively (12). In all countries,
the prevalence was slightly higher among women (12). The NAME study was designed to
evaluate the clinical and analytical performance of the Conformité Européenne (CE)/in vitro
diagnostics (IVD) Aptima Mycoplasma genitalium assay (CE/IVD AMG; Hologic), which now
is also US. FDA-approved, compared to the research-use-only MG Alt TMA-1 assay
(Hologic) and a laboratory-developed TagMan mgpB quantitative real-time PCR (qPCR). The
study included both symptomatic and asymptomatic individuals and found that the two
transcription-mediated amplification (TMA)-based MG assays from Hologic had a highly
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superior sensitivity compared to the mgpB qPCR, i.e, the sensitivity was 99.13—100%,
99.13—100%, and 73.24—81.60%, respectively (12).

Increasing rates of resistance in MG, both to first-line (azithromycin) and second-
line (moxifloxacin) treatment, has also been of concern (1, 4, 5, 12). The NAME study
found high rates of resistance-associated mutations of 41.4% for azithromycin and
6.6% for moxifloxacin, with large differences between study sites (12). Dual resistance
was also found in all countries, i.e., Denmark, Norway, and Sweden (4.2%, 1.1%, and
3.1%, respectively) (12).

The aim of the present study was to examine the demographic and clinical character-
istics of the patients from the NAME study (12) included in Denmark and to investigate
the clinical significance of the higher sensitivity of the TMA-based MG assays (CE/IVD
AMG and MG Alt TMA-1) compared to the well-recognized laboratory-developed mgpB
gPCR (13, 14).

MATERIALS AND METHODS

Patients. Consecutive female and male subjects attending the sexually transmitted infection (STI)
clinic at Bispebjerg Hospital, Copenhagen University Hospital, Denmark, from March to June 2016 were
enrolled into the study. All patients =18 years with a Danish Personal Identification Number (PIN) were
eligible, and only patients who declined to participate were excluded. The STI clinic is the largest in
Denmark and is attended by approximately 100 patients daily. Individuals attended the clinic because
they had symptoms, because they had had unprotected sex, or because they had received a partner no-
tification. All patient records were reviewed, and the following data were extracted: symptoms of an ST,
sociodemographic information, sexual orientation (e.g., men who have sex with men [MSM] status), HIV
status, and sexual risk behavior (e.g., sex work or having sex with a sex worker or a person with an STI).

Specimens. Specimens from male and female subjects were collected according to clinical indication
and risk profile. Gynecological examinations were performed on symptomatic women to collect urethral
and cervical swabs. In addition, clinicians collected vaginal swab samples for this study. Asymptomatic
women self-collected two vaginal swabs simultaneously and placed them in separate tubes. All MSM were
tested from urethral, rectal, and pharyngeal sites regardless of symptoms. Men who have sex with women
were tested from urethra. In addition, rectal and pharyngeal swabs were collected from female and male
subjects as indicated by clinical evaluation and risk profile.

Urogenital and extragenital specimens were tested with the CE/IVD AMG assay (Hologic), the
research-use-only MG Alt TMA-1 assay (Hologic) (12), the mgpB qPCR (13, 14), and the Aptima Combo 2
assay (Hologic), which detects Chlamydia trachomatis and Neisseria gonorrhoeae (12).

Definitions. Specimens were considered true positive if they were positive in a minimum of two of the
three MG nucleic acid amplification tests (NAATS). The study subjects were categorized as MG-infected (mini-
mum one true positive specimen) or not MG-infected (no positive specimens). To investigate the clinical im-
portance of the superior sensitivity of the TMA-based MG assays compared to the mgpB qPCR, specimens
positive in the TMA-based assays and negative in the mgpB qPCR were investigated further as a separate
group and designated as specimens with discrepant results. Female subjects were categorized as sympto-
matic if they reported rectal itching/discharge, genital itching, abnormal discharge, or pain/discomfort in the
lower abdomen or during urination. Likewise, male subjects were categorized as symptomatic if they
reported rectal itching/discharge, genital itching, abnormal discharge, or pain/discomfort during urination.

Statistical analysis. Categorical data were compared using y? test or Fisher's exact test, where
appropriate. The Mann-Whitney test was used for comparison of the bacterial load. IBM SPSS Statistics
software was used with significance set at P < 0.05.

Ethics. The study was approved by the Danish Data Protection Agency (journal number 2012-58-
0004/BFH-2016-006) and the Committee on Health Research Ethics (journal number H-15018251). All
study subjects provided written informed consent prior to specimen collection. Participants were not
compensated for study participation.

RESULTS

Mycoplasma genitalium-positive samples. In total, 1,245 subjects were included,
of which 499 (40.1%) were female and 746 (59.9%) were male (Table 1). The median
age (range) of the female subjects was 25 (18-69) years, and the median age (range) of
the male subjects was 32 (18-70) years. Based on self-reported sexual orientation,
31.1% of the men were MSM. The number of MG-infected subjects was 112 (9.0%)
based on the definition of presenting a minimum of two out of three positive MG
NAATs in at least one specimen. The overall prevalence among female subjects was
9.4% (Table 1), and the prevalence was 9.8% and 9.0% among symptomatic and
asymptomatic female subjects, respectively (P = 0.878). Among male subjects, the
overall prevalence was 8.7% (Table 1), and the prevalence was 11.2% and 7.3% among
symptomatic and asymptomatic males, respectively (P = 0.081). In female subjects, the
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TABLE 1 Prevalence of Mycoplasma genitalium among 1,245 individuals

Female Male

No. of positive/  No. of negative/ No. of positive/ No. of negative

Category total no. total no. total no. / total no.

No. of participants  47/499 (9.4%) 452/499 (90.6%) 65/746 (8.7%) 681/746 (91.3%)
Symptomatic 25/47 (53.2%) 230/452 (50.9%) 31/65 (47.7%) 247/681 (36.3%)
WSW or MSM? 3/36° (8.3%) 35/394¢ (8.9%) 25/627 (40.3%) 202/667° (30.3%)

aWSW, women who have sex with women; MSM, men who have sex with men.
bInformation not available for 11 individuals.

<Information not available for 58 individuals.

dInformation not available for 3 individuals.

eInformation not available for 14 individuals.

prevalence was lowest (0%) in pharyngeal specimens from both asymptomatic and
symptomatic individuals and highest (8.2%) in urethral specimens from symptomatic
individuals. For comparison, the prevalence was 7.1% in both vaginal and cervical
specimens from symptomatic female subjects, whereas there was no statistically signif-
icant difference from the urethral specimens (P = 0.739). In male subjects, the preva-
lence was lowest (0%) in pharyngeal specimens from symptomatic individuals and
highest (10.4%) in urethral specimens from symptomatic individuals. Further, based on
self-reported sexual orientation, 40.3% of the MG-infected male subjects were MSM,
which was not significantly different from the MG-negative population where 30.3%
were MSM (P =0.115, Table 1).

Coinfection with Chlamydia trachomatis and/or Neisseria gonorrhoeae. Six MG-
infected subjects were coinfected with C. trachomatis (5.4%), and seven MG-infected
subjects were coinfected with N. gonorrhoeae (6.3%), including two individuals with all
three infections concomitant. To evaluate whether symptom status was influenced by
C. trachomatis and/or N. gonorrhoeae coinfection, analyses were repeated without
coinfected subjects. Among these 101 subjects with MG-mono-infection, 54.8% of the
female subjects were symptomatic compared to 47.4% of the negative female subjects
(P =0.419). Likewise, 44.1% of the MG-mono-infected male subjects were symptomatic
compared to 33.8% of the negative male subjects (P =0.117).

Comparison of the TMA-based MG assays and the mgpB ¢qPCR. All specimens
positive in the MG Alt TMA-1 assay were also positive in the CE/IVD AMG assay.
Compared to the TMA-based assays, the sensitivity of the mgpB gPCR assay was
64.52% on a specimen level. Fifty-five specimens were positive in the two TMA-based
MG assays and negative in the mgpB qPCR (Tables 2 and 3). These 55 specimens with
discrepant results originated from 48 individuals, of whom 41 individuals had only one
specimen with discrepant results and seven individuals had two specimens with dis-
crepant results. However, 16 (33%) of the 48 individuals with specimens with discrep-
ant results had specimens from other sites that were positive in all three assays.
Among the 48 individuals with discrepant results, 26 had symptoms (54.2%), whereas,
among the 64 individuals with concordant results, 30 had symptoms (46.9%), and there
was no statistically significant difference between the groups (P = 0.567). Among the
individuals with concordant results (and thereby positive in the mgpB qPCR), we found
that symptomatic individuals had significantly higher bacterial loads compared to
asymptomatic individuals (P = 0.038). Further, we stratified all MG-mono-infected indi-
viduals according to the severity of symptoms (pain/discomfort, abnormal discharge/
pain during urination, and discomfort/itching) and found that minor symptoms such
as itching and discomfort were more prevalent among individuals with discrepant
results (21%) compared to individuals with concordant results (10%) (P = 0.001).

When comparing specimens with discrepant results with specimens with positive
results in all three assays, significantly more specimens from MSM were missed in the
mgpB gPCR (P = 0.028, Table 4), and this trend was also observed when looking only at
the urethral specimens (P = 0.058, Table 4) but not in the pharyngeal and rectal speci-
mens. Of note, very few heterosexual men had specimens taken from pharynx and
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Location and

No. of specimens positive

No. of specimens with

No. of specimens

No. of specimens

Specimens not

symptom status in three assays discrepant results® negative in three assays collected in total collected
Pharynx

Sym 0 (0%) 0 (0%) 33 (100%) 33 222

Asym 0 (0%) 0 (0%) 38 (100%) 38 206

Total 0 (0%) 0 (0%) 71 (100%) 71 428
Urethra

Sym 10 (4%) 11 (5%) 216 (91%) 237 18

Asym 2 (4%) 2 (4%) 47 (92%) 51 192

Total 12 (4%) 13 (5%) 263 (91%) 288 210
Rectum

Sym 1 (5%) 1 (5%) 17 (90%) 19 236

Asym 0 (0%) 1(6%) 16 (94%) 17 227

Total 1(3%) 2 (5%) 33 (92%) 36 463
Vagina

Sym 14 (7%) 4 (2%) 177 (91%) 195 59

Asym 15 (7%) 3 (1%) 208 (92%) 226 18

Total 29 (7%) 7 (2%) 385 (91%) 421 77
Cervix

Sym 14 (6%) 4 (2%) 211 (92%) 229 24

Asym 3 (6%) 1 (2%) 44 (92%) 48 196

Total 17 (6%) 5 (2%) 255 (92%) 277 220
Total

Sym 39 (5%) 20 (3%) 654 (92%) 713 559

Asym 20 (5%) 7 (2%) 353 (93%) 380 839

Total 59 (5%) 27 (3%) 1007 (92%) 1093 1398

aDefined as positive in the CE/IVD AMG and the Alt TMA-1 assays and negative in the mgpB qPCR.

rectum, and all these specimens were negative. When investigating the 13 male sub-
jects with rectal MG infection, all were MSM (Table 4), three of whom were coinfected
with HIV and only three having positive specimens from other sites, e.g., urethra. Three
female subjects had rectal MG infection (Table 2), and all had the MG infection con-
firmed by positive cervical specimens. Also, when investigating the subjects with

TABLE 3 Symptom status of male subjects

Location and

No. of specimens positive

No. of specimens with

No. of specimens

No. of specimens

Specimens not

symptom status in three assays discrepant results? negative in three assays collected in total collected
Pharynx
Sym 0 (0%) 0(0%) 90 (100%) 90 188
Asym 1(1%) 3(2%) 159 (97%) 163 304
Total 1 (1%) 3(1%) 249 (98%) 253 492
Urethra
Sym 21 (8%) 8 (3%) 237 (89%) 266 10
Asym 14 (3%) 11 (2%) 434 (95%) 459 6
Total 35 (5%) 19 (3%) 671 (93%) 725 16
Rectum
Sym 0 (0%) 2 (2%) 83 (98%) 85 193
Asym 7 (5%) 4 (3%) 137 (92%) 148 319
Total 7 (3%) 6 (3%) 220 (94%) 233 512
Total
Sym 21 (5%) 10 (2%) 410 (93%) 441 391
Asym 22 (3%) 18 (2%) 730 (95%) 770 629
Total 43 (4%) 28 (2%) 1140 (94%) 1211 1020

aDefined as positive in the CE/IVD AMG and the Alt TMA-1 assays and negative in the mgpB qPCR.
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TABLE 4 MSM status of male subjects
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Location and symptom

No. of specimens positive

No. of specimens with

No. of specimens

Specimens not

status® in three assays discrepant results® negative in three assays collected
Pharynx
MSM 1 (100%) 3(100%) 218 (88%) 5(1%)
MSW 0 (0%) 0 (0%) 31 (12%) 488 (99%)
Total 1 (100%) 3 (100%) 249 (100%) 493 (100%)
Urethra
MSM 6 (17%) 8 (42%) 202 (30%) 8 (50%)
MSW 29 (83%) 11 (58%) 470 (70%) 8 (50%)
Total 35 (100%) 19 (100%) 672 (100%) 16 (100%)
Rectum
MSM 7 (100%) 6 (100%) 202 (92%) 12 (2%)
MSW 0 (0%) 0 (0%) 18 (8%) 501 (98%)
Total 7 (100%) 6 (100%) 220 (100%) 513 (100%)
Total
MSM 14 (33%) 17 (61%) 622 (55%) 25 (2%)
MSW 29 (67%) 11 (39%) 519 (45%) 997 (98%)
Total 43 (100%) 28 (100%) 1141 (100%) 1022 (100%)

aDefined as positive in the CE/IVD AMG and the Alt TMA-1 assays and negative in the mgpB qPCR.
bMSM, men who have sex with men; MSW, men who have sex with women.

pharyngeal MG infection, all were MSM (Table 4) and all were positive in more than
one specimen type. For example, all three subjects with discrepant results in the pha-
ryngeal specimens were positive in all three assays in the urethral and/or rectal speci-
mens. When looking at specimens positive in the CE/IVD AMG assay and negative in
the research-use-only MG Alt TMA-1 assay, 12 specimens from five male and seven
female subjects were identified (two rectal, five urethral, two cervical, and three vaginal
specimens). One of the men (20%) and six of the women (86%) had MG-positive speci-
mens from other sites (P = 0.047). Of the five men, two were MSM, and the specimens
included one rectal and one urethral specimen.

DISCUSSION

In this study we investigated the clinical characteristics of patients diagnosed with
MG in a Danish STI clinic and found a high MG prevalence in both symptomatic and
asymptomatic subjects. Approximately 50% of the patients defined as MG-infected
reported symptoms. This number is in line with findings among other STI clinic attend-
ees, where 40-75% of the MG-infected study subjects were asymptomatic (15, 16).
However, other studies have demonstrated that up to 70% of male STI attendees diag-
nosed with MG were symptomatic (17). The prevalence of MG in this current study was
highest in urethral specimens from symptomatic male and female subjects. Similarly, a
recent multicenter study performed in the United States found the highest prevalence
in urine and vaginal specimens from symptomatic female subjects and in urethral
swab and urine specimens from male subjects (18). The current 2016 European guide-
line on Mycoplasma genitalium infections recommends that patients with symptoms
be tested for MG (4). This strategy seems reasonable since testing of all attendees at
STl clinics regardless of symptoms would cause an increase in the use of antibiotics to
treat asymptomatic infections, and there is currently not enough evidence that treat-
ment of asymptomatic infections provide benefit for the individual patient. On the
other hand, treatment of MG infection in all individuals would decrease the risk of
transmission and likely reduce the risk of complications, including PID (pelvic inflam-
matory disease) (19) and tubal factor infertility (2).

Based on results from the NAME study that demonstrated higher sensitivity of TMA-
based MG assays compared to mgpB qPCR (12), we investigated the importance of this
increased sensitivity. The specimens missed in the mgpB gPCR were from symptomatic
subjects to the same degree as specimens from MG-infected subjects overall,
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demonstrating that the increased sensitivity of the TMA-based MG assays did not result
in diagnosis of solely more asymptomatic individuals. Also, most of the subjects with
discrepant specimens had other specimen types that were positive in all three assays,
indicating that the decreased sensitivity of the mgpB gqPCR was not caused by infection
with a certain strain, but more likely caused by lower bacterial loads in some speci-
mens. Among the individuals with concordant results, we also found that symptomatic
individuals had significantly higher bacterial loads compared to asymptomatic individ-
uals. Similarly, the NAME study found that the mgpB gPCR missed the two samples
with the lowest MG concentrations from an external quality assurance program,
whereas it was detected by the TMA-based MG assays (12).

We found that statistically significantly more of the specimens missed in the
mgpB qPCR were from MSM, and a similar trend was found when looking specifically
at urethral specimens. Since all men, regardless of sexual practice, had specimens
taken from the urethra, these results indicate that MSM may carry lower loads of M.
genitalium or, in the worst case, are infected with other types of mycoplasmas.
Indeed, the NAME study found that all strains of M. pirum, M. alvi, and M. amphori-
forme were detected even in low concentrations in the CE/IVD AMG assay (12).
However, none of these species were detected in the Alt-TMA assay and discordance
between the two TMA assays was extremely rare. The knowledge about these myco-
plasma species and their prevalence in human specimens is limited (12); for example,
M. pirum has been found in rectal specimens from MSM (20) and is considered an
HIV-associated mycoplasma species (21), M. alvi has been found mainly in the bovine
gastrointestinal tract (22), and M. amphoriforme has been found in respiratory tract
specimens from patients with primary antibody deficiency (23). In our study, all male
subjects with positive rectal specimens were MSM and less than a third of these had
MG infection confirmed in specimens from other sites. We hypothesize that MSM
may carry lower loads of MG because of more frequent testing and antibiotic treat-
ment of STls, an assumption that is supported by a retrospective case-control study
including individuals from the present STI clinic. The study included patients coin-
fected with C. trachomatis and N. gonorrhoeae and found that MSM were more often
coinfected (24), supporting the recommendation of STI testing 2-4 times a year of
MSM who are sexually active. Of note, pre-exposure prophylaxis (PrEP) as a general
offer was introduced in Denmark in January 2019; before this, PrEP was only available
to individuals enrolled in clinical trials. Information on PrEP status of the MSM in this
study was incomplete, but since the specimens were collected in 2016, we assume
that it was a relatively low number. Taken together, a positive CE/IVD AMG rectal
test, particularly in HIV-positive MSM, should be treated with caution without con-
firmatory testing (12); however, in our study only one male subject had a positive CE/
IVD AMG rectal test that was negative in the research-use-only MG Alt TMA-1 assay,
making it difficult to draw conclusions. Moreover, the subjects with positive pharyn-
geal specimens all were MSM, but all subjects also had positive specimens from other
sites, supporting true infection with MG. For example, all three subjects with discrep-
ant results in the pharyngeal specimens were positive in all three assays in the ure-
thral and/or rectal specimens, indicating that the bacterial load is lower at the
pharyngeal site or that correct specimen collection is particularly difficult there.
However, very few heterosexual men had specimens taken from the pharynx and rec-
tum, which may bias these conclusions.

This study has several strengths, including our access to medical records, from all
study subjects, that include symptoms, sexual orientation, and HIV status, and the link-
ing of laboratory data by the unique PIN assigned to all Danish citizens. Also, testing
was done from both urogenital and extragenital sites from consecutive symptomatic
and asymptomatic study subjects. Additionally, all study subjects were tested for C. tra-
chomatis and N. gonorrhoeae coinfection to exclude that symptom status was influ-
enced by coinfections; accordingly, the analyses were done on both the MG-mono-
infected subjects and on all the study subjects. Our study also has some limitations.
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First, even though the study included more than 100 MG-infected study subjects, num-
bers were small when investigating specific characteristics such as specimen location
and MSM status. Therefore, some associations may have been overestimated and
others not detected. Second, information on sexual risk behavior, e.g., number of sex-
ual partners and sexual risk behavior, was incomplete in many records and therefore
not included in the present paper.
In summary, the improved sensitivity of the CE/IVD AMG assay resulted in the diagnosis
of more MG-infected subjects with clinically relevant symptoms. As this assay is performed
on the fully automated Panther system, it can easily be combined with testing for C. tracho-
matis, N. gonorrhoeae, and also Trichomonas vaginalis, allowing the simultaneous detection
of MG with other genital pathogens. However, future research is needed to investigate the
significance of MG in asymptomatic individuals in order to balance the benefits of diagnosis
and treatment, including the reduced risk of sequelae and further transmission, against
increased use of antibiotics, resistance development, potential side effects, and costs.
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